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GENERAL INFORMATION

Westinghouse approach was used for development of symptom-based EOPs for Balakovo NPP.
Symptom-based EOPs consist of two main parts:

Optimal recovery guidelines

Status trees and critical safety function restoration guidelines
Symptom-based EOPs will replace the valid Balakovo NPP guidelines on accident termination
and the guide on BDBA management

OBILLIAA NTHOOPMALMA

COAMUN nnsa banakoBckoit ADC pa3zpaboTtaHbl Ha OCHOBE 110J1X0/1a (upmbl BecTuHrxays.
COAMU cocTosiT 3 IByX OCHOBHBIX YaCTEU:

[Ipouenypsl ONTUMAIBLHOTO BOCCTAHOBIICHUS

JlepeBbsi COCTOSIHUI U MPOLETyPhl BOCCTAHOBJICHUS! KPUTUYECKUX (PYHKIIHMIT O€3011acCHOCTH
COAM 3ameHsT AercTByIOMME Ha 3HEProdaokax bamakockon ADC HHCTPYKIIUIO TIO
JVKBUJAIIMY ABAPHUM U PYKOBOJICTBO MO YIPABJICHUIO 3AIPOCKTHBIMHU aBapUAMU



GENERAL INFORMATION (continued)

Symptom-based EOPs validation:
Validation of optimal recovery guidelines have been performed
Validation of critical safety function restoration guidelines is planned

Validation — the evaluation performed to determine that the actions specified in the EOPs can be
followed by trained staff to manage emergency incidents

OBIIAA NTHOOPMAILMA (npoaonxeHue)

Banunmanua COAU:
BrinosiHeHa Baauaanus Npoueayp ONTUMaIbHOTO BOCCTAHOBJICHUS
3anjaaHupoBaHa BaJWIAIMs MPOLIEAYP BOCCTAHOBICHUS KpUTHYHKIIHIMA

Banunamus — Ouenka cnocoOHOCTH TpeHUPOBaHHOTO TepcoHana ADC BBITIOJHATh TPEOyeMbIE
NpOoLECAYyPaMU YIIPABIISIIOIIUE ICHCTBUS



E-0.

E-1.

E-2.

LIST OF OPTIMAL RECOVERY GUIDELINES

Reactor trip or Safety Injection

ES-0.1. Reactor trip response

ES-0.2. Natural Circulation Cooldown

Loss of Reactor or Secondary Coolant

ES-1.1. Safety Injection Termination

ES-1.2. Post Loss of Coolant Accident Cooldown and Depressurization
Faulted Steam Generator Isolation

A-O0.

A-1.

A-2.

[HEPEYEHD [TPOLEAYP OIITUMAJIBHOI'O BOCCTAHOBJIEHUA

CpabaTbiBaHME aBapUITHOM 3aIUTHI WJIK BKIIIOUEHUE B pabOTy CUCTEM 0€30MaCHOCTH
AJI-0.1. CpabaTeiBaHME aBapUWHOM 3AIIUTHI peakTOpa

AJI-0.2. PacxonaxxuBaHue CIiocOOOM €CTECTBEHHON LUPKYJISIIIUM

Teub TEIUTOHOCUTEIISI TIEPBOTO UJIM BTOPOTO KOHTYpa

AJl-1.1. BeiBog u3 paboThl cucTeM 0€30MacHOCTH

AJl-1.2. PacxomaxxuBaHUE MOCJIE aBAPUHU C T€UBIO IIEPBOTO WJIM BTOPOr0 KOHTYpa
N3onsus I ¢ Teubto BTOPOro KOHTypa



LIST OF OPTIMAL RECOVERY GUIDELINES (continued)

E-3. Leak from primary to secondary circuit (PRISE)
ES-3.2. Post-PRISE Cooldown Using Blowdown
ES-3.3. Post-PRISE Cooldown Using Steam Dump
ECA-3.1. PRISE leak - Subcooled Recovery Desired
ECA-3.2. PRISE leak - Saturated Recovery Desired

[TEPEYEHDb ITPOLHEAYP OIITUMAJIBHOI'O BOCCTAHOBJIEHUA (ponomxenue)

A-3. Teub U3 IEPBOTO KOHTYPa BO BTOPOH

AJl-3.2. Teub U3 MEpPBOro KOHTYpPa BO BTOPOU - PACXOJIAKUBAHUE YEPE3 MPOTYBKY

AJI-3.3. Teus U3 nepBOro KOHTypa BO BTOPOM - pacxoyaxuBaHue cOpOCoM Iapa

AP3-3.1. Teub u3 nepBOTrO KOHTYpA BO BTOPOM € MOTEPEU TEINIOHOCUTEIISI IEPBOTO KOHTYpa
- BOCCTaHOBJICHHE C MOJIJIEP>KaHUEM 3araca J10 BCKUITaHUS

AP3-3.2. Teub U3 nepBOTro KOHTYpPA BO BTOPOM C MOTEPEU TEINIOHOCUTEIISI IEPBOTO KOHTYpa
- BOCCTAHOBJIEHHE B HACBIIIEHHOM COCTOSIHUH



CRITICAL SAFETY FUNCTIONS STATUS TREES

F-0.1.  Status tree “Subcriticality”
F-0.2.  Status tree “Core Cooling”
F-0.3.  Status tree “Heat Sink”
F-0.4.  Status tree “Integrity”
F-0.5.  Status tree “Containment”

JIEPEBBS COCTOSTHUM KPUTUYECKNX ®YHKIINN BE3OITACHOCTHU

®-01. epeBo cocrostnuit KOb «IloakpuTUHYHOCTBY
®-02. depeBo cocrosinnii KOb «OximaxaeHrue 30Hb1»
®-03. [lepeBo cocrosinnii KOb «TemnooTrBoa»

®-04. [lepeBo cocrosiani KOb «IlenocTHOCTH
®-05. depeso cocrossaniit KOb «I'epmoobomouka



EXAMPLE: RESTORATION GUIDELINES OF FUNCTION “HEAT SINK”

FR-H.1. Response to Loss of Secondary Heat Sink

FR-H.2. Response to Steam Generator Overpressure

FR-H.3. Response to Steam Generator High Level

FR-H.4. Response to Loss of Normal Steam Release Capabilities
FR-H.5. Response to Steam Generator Low Level

[TPUMEP: ITPOLUEJAYPbI BOCCTAHOBJIEHUA KOb “TEINNIOOTBO/”

40B-T.1. BoccranoBnenne KOb «TemmoorBoa» mmpu noTepe TEmIo0TBoAa CO CTOPOHBI BTOPOTO
KOHTYpa

40B-T.2. BoccranoBienue KOb «TennooTBoa» Mpu BLICOKOM JIaBJIICHUH B ITAPOTE€HEPATOPE
4OB-T.3. BoccranoBinenne KOb «TenmnooTBoa» Mpu BBICOKUM YPOBHE B ITAPOTEHEPATOPE
40B-T.4. Boccranosienue KOb «TemiooTBoa» mpu noTepe CpeAcTB coOpoca napa u3
IapOTrE€HEPATOPOB

4OB-T.5. BoccranoBienne KOb «TennooTBoa» Mpu HU3KOM YPOBHE B MAPOrEHEPATOPE



STRATEGIES OF OPERATOR ACTIONS IN CSF RESTORATION GUIDELINES

CSF Subcriticality:
Ensuring boric acid supply into primary circuit and reactor core.
Technical means for the strategy:
1. Primary makeup
2. HPIS pumps
3. High pressure boron pumps

CTPATEI'MH YIIPABJIAIOIINX JJEMCTBUI ITPU BOCCTAHOBJIEHN KOB

K®Bb I1oaKpUTUYHOCTD:
OOecneuenre nmogaud OOPHOM KUCIOTHI B IEPBBIN KOHTYP U aKTUBHYIO 30HY peakTopa.
CpencrtBa peajm3aliii CTPATETHU:
1. cuctema NOANUTKHA IEPBOTO KOHTYPA,
2. Hacocel CAO3 B/I,

3. Hacochl BBOJIa O0pa BHICOKOI'O JABJICHHUS.




STRATEGIES OF OPERATOR ACTIONS IN CSF RESTORATION GUIDELINES

CSF Core Cooling:
Ensuring water supply into reactor core.
Actions to realize the strategy:
1. Primary pressure decrease (cooldown through secondary circuit and depressurization of

pressurizer)
2. Re-start of MCP

CTPATEI'MH YIIPABJIAIOIINX JJEMCTBUI ITPU BOCCTAHOBJIEHN KOB

K®b OxnaxxaeHue 30HbI:
OOecneuenre mogayy BOJbl B aKTUBHYIO 30HY peakTopa.
CpezncrtBa peajm3aliii CTPATETHU:
1. CHuKeHue 1aBJIeHUA B IEPBOM KOHTYPE (pacxojakMBaHUE Yepe3 BTOPOM KOHTYP U
pasrepMeTH3alis KOMIIEHCAaToOpa JIaBICHuA ),
2. 3amyck ['ITH.




STRATEGIES OF OPERATOR ACTIONS IN CSF RESTORATION GUIDELINES

CSF Heat Sink:
Ensuring of water supply into SGs
Primary “feed and bleed”
Actions to realize the strategy:
1. SG(s) pressure decrease to the atmospheric value and supply of condensate into SG(s)
2. Feed — HPIS pumps, Bleed — emergency gas removal system

CTPATEI'MH YIIPABJIAIOIINX JJEMCTBUI ITPU BOCCTAHOBJIEHN K®B

K®b TermnoorBox:
BoccranoBiieHre MOAMUTKY MapOreHepaTopoB
[Tpouenypa “feed and bleed” mo mepBomMy KOHTYpY
CpencrTBa peain3anvy CTPATETUM:
1. CHM>KeHUe TaBiIeHUS B maporeHeparope(ax) 4o atMocpepHoro u nmogaya KoHaeHcaTa
2. Feed — nacocst CAO3 B/I, Bleed - nunus aBapuitHOTO razoyaajieHus.




STRATEGIES OF OPERATOR ACTIONS IN CSF RESTORATION GUIDELINES

CSF Integrity:
Termination of cooldown and primary pressure stabilization in order to reduce stresses in
reactor vessel
Actions to realize the strategy:
1. Switch-off of ECCS pumps
2. Primary pressure decrease

CTPATEI'MH YIIPABJIAIOIINX JJEMCTBUI ITPU BOCCTAHOBJIEHN K®B

K®b I1e10CcTHOCTS:
[IpekpaieHne pacxojgaKMBaHUs U CTAOMIM3AIMS TaBJICHUS IIEPBOTO KOHTYpa JJIs
YMEHBIIICHUST HAPSKEHUH B KOPITyCe peaKkTopa
CpencrtBa peajM3aliii CTpaTerui:
1. Orkmrouenue HacocoB CAQO3
2. CHM>XeHUE 1aBJICHUS B IIEPBOM KOHTYPE.




STRATEGIES OF OPERATOR ACTIONS IN CSF RESTORATION GUIDELINES

CSF Containment:

Containment pressure decrease
Actions to realize the strategy:
- Switch-on of containment spray

CTPATETUU YIIPABJIAIOUIUX JEUCTBUIM ITPU BOCCTAHOBJIEHUU Kb

K®Fb I"'epmooboaoyka:

CHUXEHHUE JABJICHUS B TEPMOOOOJIOUKE
CpeacTBa peajin3alvy CTPATETUM:
- BrIItoueHrne CIPUHKIIEPHOW CUCTEMBI




COMPUTER ANALYSES FOR JUSTIFICATION OF SYMPTOM-BASED EOPs

— A working group has been established from representative of Russian institutions and
Balakovo NPP

— Objectives of the group: evaluation of available accident analyses and determination of
additional analyses for purposes of EOPs justification

— A list of needed computer analyses has been established based on R.Billman method

PACYHETHBIE AHAJIN3bI 1JIX1 OBOCHOBAHUA COAU

— OOpa3oBaHa pabouasi TpyIina U3 IpeJcTaBUTeNIe pOCCUUCKUX opranu3anuii 1 bajakoBckoi
ADC

— 3aja4yu rpymnmbl: aHaIu3 UMEIOIIUXCS PACUETOB aBAPUMHBIX MPOILIECCOB U ONPEACICHUE
JOTIOJTHUTENIBHBIX PacyeTOB i1 OOOCHOBAHUS yIIPABIISIIOIIMX JICHCTBUM, MPETYCMOTPEHHBIX
COAUN

— CocTaBlieH nepeyeHb HEOOXOIMMBIX PACUETHBIX aHAIM30B 10 MeToiuke P.bumimana



LIST OF COMPUTER ANALYSES BASED ON R.BILLMAN METHOD

1. ATWS
Loss of main feedwater
Loss of off-site power
Uncontrolled withdrawal of control rod group
2. Station blackout
Power recovery with restoration of feedwater supply into SGs
Power recovery at high primary pressure
Power recovery at low primary pressure

[HEPEYEHDb PACUETHBLIX AHAJIM30B I10 METOJAUKE P.LUJIJIMAHA

1. ATWS

[ToTeps nuTaTeIbHOW BOJIBI,
ObecTourBaHUE HEProoIIOKa,
Heynpasisiemoe u3Biedenue padoueit rpymnmsl OP CY3

2. IlonmHas nmoreps AIEKTPONUTAHUS
BoccranoBieHUe 3JIEKTPONUTAHUS ¢ BOCCTAHOBJICHUEM 0J1ayu TUTaTeIbHOU BOJbI [1T°
BoccraHoBieHUE 3JIEKTPONUTAHUS [IPU BBICOKUX IMapaMeTpax MepBoro KOHTypa
BoccranoBieHre 3JIEKTPONUTAHUS [IPU HU3KUX IMapaMeTpax MmepBoro KOHTypa



LIST OF COMPUTER ANALYSES BASED ON R.BILLMAN METHOD (continued)

3. SG tube rupture
Leak compensation at high primary pressure
Leak compensation at low primary pressure
4. PRISE leak with diameter of 100 mm
5. Total loss of feedwater

Restoration of heat transfer from primary to secondary circuit
Cooldown after break of natural circulation in primary circuit

[HEPEYEHb PACUHETHBIX AHAJIM30B 110 METOAUKE P.BUJIJIMAHA (niponomxeHue)

3. Pa3psiB TpyOku I1I'
KomrieHcanus Te4u npu BEICOKUX MTapaMeTpax NepBOro KOHTypa
KOMHGHC&HI/IH TCUM IIPpU HU3KHUX ITapaMCTpax IICPBOT'O KOHTYpa
4. Teus J1y100 n3 nepBoro KOHTypa BO BTOpOU
5. IlosiHAs moTepst MUTATEIBHON BOIbI
BoccraHoBiieHrE TEIUIONEpe1adn OT MEPBOTO KOHTYPa BO BTOPOU
PacxonaxuBaHue mociie cpbiBa €CTECTBEHHON HUPKYJIALMA O IEPBOMY KOHTYPY



LIST OF COMPUTER ANALYSES BASED ON R.BILLMAN METHOD (continued)

6. Break of main steam line
Re-criticality
Thermal shock on reactor vessel
7. Large break LOCA
Guillotine break of main circulation line
Increase of containment pressure

I[HEPEUEHb PACUETHBIX AHAJIM30B 110 METOAUKE P.BUJIJIMAHA (niponomxeHue)

6. Pa3pbIB mapommpoBoja OCTpOro mapa
BbIx0/1 Ha MOBTOPHYIO KPUTUYHOCTh
TepMudeckuid yiap Ha KOPIyC peakTopa
7. Pa3peiB TpyOONpoBoia 1-ro KoHTypa 00JbIIOTO JHaMeTpa
Pa3zpeiB JIy850
[ToBblillIeHUE JABJICHUS MOJT 000JIOUKOM



LIST OF COMPUTER ANALYSES BASED ON R.BILLMAN METHOD (continued)

8. Small break LOCA
Recovery of primary makeup
Break of natural circulation
Isolation of compensated leak from primary circuit

I[NEPEUEHb PACUETHBIX AHAJIM30B 11O METOAUKE P.BUJIJIMAHA (niponomxeHue)

8. Pa3peIB TpyOOIpoBOaa 1-ro KOHTYpa Majgoro I1uameTpa
BoccranoBieHre NOMUTKY MEPBOr0 KOHTYpa
CpbIB €CTECTBEHHOM LIUPKYJIISLUN
N30n1uss KOMIEHCUPYEMOW TEYU IEPBOr0 KOHTYpPa



ANALYSES OF ACCIDENTS FOR UNIT 4 OF BALAKOVO NPP
WITH ATHLET CODE

1. ATWS (CSF Subcriticality)
Loss of 4 MCP
Loss of main feedwater
Loss of off-site power

AHAJIN3 ABAPUU JUUTA 4-ro BJIOKA BanADC
C UCTIOJIb30OBAHUEM KOJJA ATHLET

1. ATWS (K®Bb [1oakpuTHYHOCTS)
Orxmrouenue ueteipex ['TIH
[ToTeps OCHOBHOM MUTATEIBLHON BOJBI
OO0ecTounBanue



ANALYSES OF ACCIDENTS FOR UNIT 4 OF BALAKOVO NPP
WITH ATHLET CODE (continued)

Example: Loss of main feedwater without scram

Simulated operator actions: switch-on of high pressure boron pumps, opening of emergency gas
removal line, switch-on of HPIS pumps

Main conclusion: power decrease to the decay heat level

AHAJIN3 ABAPUI JIJIA 4-ro BJIIOKA BanADC
C UCITIOJIb3OBAHUEM KOJA ATHLET (mpoaoikeHue)

[Ipumep: oTeps NUTATEILHON BOJIbI C HECPAOAThIBAHUEM aBapUNHON 3aIUThI
Mogenupyembie IEUCTBHS ONepaTopa: BKIFOYEHNE HACOCOB BBOJIa OOpa BHICOKOTO IaBJIECHUS,
OTKPBITHE JIUHUU aBAPUHUHOTO razoyaaicHus, Bkiatouenue HacocoB CAO3 B/]

OCHOBHOM BBIBOJI: CHUYKEHHUE MOIIIHOCTH JI0 YPOBHS OCTATOYHBIX SHEPTOBBIICIICHUM




2. Manas teus u3 nnepporo koutypa ¢ otkazom CAO3 B/] (K®b OxnaxaeHue 30Hb1)
HccnenoBanne BO3MOXHOCTH PacXOJaXXUBAHUS YePe3 BTOPOI KOHTYP MpHU BO30OHOBICHUU MOAMUTKH
MEepPBOTr0 KOHTYpa

4. Manas teus ¢ otkazoMm HacocoB CAO3 B/l

5. ABapuu ¢ norepeil nuTaTeabHON BOJIbI

6. ABapus ¢ pa3pbIBOM TpyOKH maporeHepaTopa

7. PasrepMeTnsanus KOJUIEKTOpA MMaporeHepaTopa SKBUBAJIEHTHRIM tuaMmeTpoM 100 mm
8. ABapus ¢ IOJHBIM 00€CTOYMBAHHUEM, BKIIIOUAs MOTEPIO AU3ETb-TeHEPATOPOB
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